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Abstract 
Home heating and production of domestic hot water are important items of expenditure and energy consumption. These are also 
sources of pollution and emission of greenhouse gases. This work presents a comparative study between conventional and solar 
heating of an individual house in Algerian climate conditions. For this purpose, we performed a general heat balance on various 
heat losses in house parts. Needs for heating and domestic hot water were also estimated. Based on these needs, sizing of the 
solar system has been developed. To compare the performances of solar and classic systems, we conducted an economic 
evaluation and determined the environmental impact. Although conventional energy is heavily subsidized in Algeria, the 
comparison of the cost of solar thermal kWh with other energies and the large quantities of CO2 avoided clearly show that 
economic and environmental benefits are in favor of solar heating development. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction 
Algeria has a very high solar potential. Direct solar irradiance reached an average more than 3000 hours of 
sunshine / year [1]. Socio-economic development for several years generates a high demand for electricity and 
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natural gas (about 10% growth per year) [2, 3]. The housing sector is very energy intensive, more than 40% of 
electricity consumption. Due to this strong demand and declining reserves conventional energy, the country became 
interested to renewable energies promotion. In recent years, political support for renewable energy has been growing 
continuously, a legislative and regulatory framework has been promulgated and in early 2011 the country adopted an 
ambitious program of renewable energy and energy efficiency development [3, 4]. In the field of energy efficiency, 
the actions planned by the program focus, in particular, on the housing sector. The measures proposed include the 
development of solar heating systems for domestic purposes. Currently, installed surface of thermal solar systems 
does not exceed 1000 m2.   
In addition, the energy sector is at the origin of 75% of GHG emissions and in this sector resides the greatest 
potential for reducing emissions [3] 
In this context and in order to promote greater integration of solar systems in Algeria, we studied the case of an 
individual house equipped with a solar heating system that provides the physiological comfort for residents and 
ensures the maintenance of a comfortable temperature in the premises that host them. 
For this purpose, we considered the case of a house of average size which is, on the one part, representative of the 
construction method in Algeria and on the other part, of the kind of housing occupied by the majority of Algerian 
families. We developed the heat balance of the house and determined the heating needs by calculating the various 
heat losses in basic conditions corresponding to the comfort and the external environment. By including the need for 
domestic hot water, we compared the costs of different energy sources. The environmental impact brought by such a 
solar system was also studied. 
2. Presentation of the studied house  
The studied home is located in the city of Tizi-Ouzou (climatic zone B: very cold in winter and very hot in 
summer) about 100 km south-east of Algiers. Its total area is 60.80 m2. It consists of a living room, 2 bedrooms, a 
kitchen, a bathroom and a hall. Building materials used are mainly brick, concrete and wall coating with cement and 
plaster. Files must be in MS Word only and should be formatted for direct printing, using the CRC MS Word 
provided. Figures and tables should be embedded and not supplied separately.  
  
3. Heat balance calculations    
For calculating thermal losses and energy needs, we used climate data from the region for the winter period 
(November-March): External temperature 2 °C with 80% humidity, soil temperature 7 °C. The comfort temperature 
is set at 20° C, humidity 40%. The used Thermal resistances of surface exchange 1/h due to the heat exchange by 
radiation and convection are from the Algerian regulations (table 1) [5].   
 3.1. Calculation of thermal resistances 
 
3.1.1. The exterior and interior walls 
 
     The outer walls are made of a double wall separated by an air gap of 10 cm thick (Fig. 1a). The inner wall is built 
from bricks 10 cm thick coated with cement and final layer of gypsum on both sides (Fig. 1b). Table 2 summarizes  
the thermal characteristics of the various components of the exterior walls. 
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                     Table 1. Thermal resistances of surface exchanges [5]  
 
1 / h (m2  °C / W) 
Wall in contact with: 
- Outside 
- An open passage 
- An open local 
Wall in contact with                      
- Other local, heated or unheated  
- Height  
-Crawlspace 
thermal resistance  1/hi 1 /h e  1 /h i + 1 / h e  1/hi 1 /h e 1 /h i + 1 / he 
Side wall 0,11 0,06 0,17 0,11 0,11 0,22 
Roofing 0,09 0,05 0,14 0,09 0,09 0,18 
Floor 0,17 0,05 0,22 0,17 0,17 0,34 
             
                                                                                              
            a 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  (a) External double wall (2 et 3 :  Walls in bricks ; 1 et 6 :  cement coating, 4 : air space; 5 : Gypsum coating) 
(b)  Internal wall (1 : Gypsum coating ;  2 : Bricks ;  3 : Cement coating) 
 b 
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Tabl 2. Thermal conductivity and resistance of the components of exterior walls [5] 
 
 
 
For external walls, the thermal resistance amounted to R = 1.83 m2 °C/ W and the transmission coefficient to    K = 
0.544 W/m2 ° C. Similarly, the result for the inner walls is R = 0.79 m2 °C/ W and K = 1.266 W/m2 °C. 
          
3.1.2. The roof and the low floor 
As illustrated in Figure 2, the roof consists of a solid slab made of reinforced concrete and various coating layers 
and thermal insulation. The floor consists of a solid concrete slab covered with gravel sand and tile flooring. 
Thermal parameters of the roof and floor are summarized in Table 3.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 2.  Scheme of  roof's components (1 multilayer sealing, 2 concrete, 3 cork, 
4 concrete slab, 5 cement coating, 6 plaster) 
 
      
From these data, it follows that the resistance of the roof amounts to 1.42 m2 °C/W and K rises 0.704 W/m2 °C.  
For the floor, we get R=0,283 m2 °C/W and K= 3.533 W/m2 °C 
 
 
 
N° Component Thickness e (m) ߣ (W/m  °C) ሺʹιȀሻ
1 et 6 Cement coating 0.01 1.4 0.007 
2 et 3 Brick 0.1 0.2 0.5 
4 Air gap 0.1 0.16 0.625 
5 Gypsum 0.01 0.35 0.028 
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     Table 3. Conductivity and thermal resistance of the components of roof and low floor [5] 
  
 
 
 
 
 
 
 
 
 
      
3.1.3. Doors and windows 
For glass, the transmission coefficient K is calculated by considering Kvn= 5 m2 °C/W for a curtainless window 
and rrid=0.03 m2 °C/W for additional resistance of curtains [5]. The transmission coefficients of the opening are 
summarized in table 4. 
 
                       Table 4. Transmission coefficients of the opening 
Opening  K (W/m°C)
   
internal  
wood 2 
 Doors glass 5 
  external 3.5 
 Windows  4.347 
3.2. Evaluation of the thermal losses 
     Heat losses are calculated by stationary regime. Heat gains due to the inertia of the walls and furnishings as well 
as the contribution of the occupants are not taken into account. Knowing the surface S and its transmission 
coefficient K determined previously, we can calculate the thermal losses Q according to Q= K.S.ǻT with           
ǻT= Tinternal - T external= 18 °C 
3.2.1. Thermal losses by transmission through the external walls 
The results of loss through transmission across exterior walls so calculated are summarized for each room of the 
house in table 5.     
           Table 5. Thermal losses by transmission through the external walls 
  Rooms Wall Orientation Surface (S) of  
Wall   (m2) 
Total surface 
(S)  (m2) 
K (W/m°C) Heat loss 
Q  (W) 
   Room 1    Wall room 1  N 8.64 17.36 0.544 169.97 
  Wall room 2  E 8.72 
 Room 2 Wall room 1  E 8.72 17.36 0.544 169.97 
Wall room 2  S 8.64  
 Living room Wall living1  S 12.30 18.77 0.544 183.77 
Wall living2  O 6.47 
   Kitchen   Wall Kit 1  N 9.03 15.53 0.544 151.99 
Wall Kit 2  O 6.5 
 Bathroom Wall bath   S 3.79 3.79 0.544   37.15 
           Component      Thickness E (m) ߣ (W/m°C) ሺʹιȀሻ
 
 
Roof 
 
 
 
1      Multilayer sealing  0.02  0.45                 0.044 
2      Concrete in the shape of slope  0.07  1.75                 0.04 
3      Thermal insulation cork  0.04 0.045                 0.888 
4      Concrete slab  0.20  0.73                 0.273 
5      Cement coating  0.01  1.4                 0.007 
6      Plaster  0.01 0.35                 0.028 
 Concrete solid slab 0,12  1.75                0.068 
Floor   Gravel sand 0.03 1.2                0.025 
   Floor tiles 0.02 1                0.02 
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3.2.2. Thermal losses by transmission through the opening 
      
The 5 glass panes have a total area of 8.81 m2. With K = 4.35 W/m°C and ǻT = 18°C, one obtains a heat losses of 
689. 82 W.  Losses through doors are summarized in table 6. 
  
            Table 6. Thermal losses through the doors 
Doors Materials Surface (S) (m2) K    (W/m°C) ǻT (°C) Thermal losses  Q  (W)
Outward  wood 2.64 3,5 18 166.32 
Toward unheated space
 
 wood 1.98 2 6 23.76 
 glass pane 2.64 5 6 79.20 
3.2.3. Thermal losses by transmission through the roof  
 
     The roof occupies a total area of 42.04 m2. The transmission coefficient is K = 0.704 W/m2 °C. As a result, heat 
losses by transmission through the roof totaled 532.75 W.   
 
3.2.4. Heat losses by transmission through thermal bonds (thermal bridges) 
 
Thermal bridges Qtb is generally determined by multiplying the total external losses by a factor taken equal to 
0.1. With Q total, ext= Qwall ext+ Q windows +Q roof . So calculated, the heat Losses by thermal bridges amounted to Qthb = 
210.12 W 
 
3.2.5. Heat losses by transmission through the floor 
     We consider for the soil a temperature gap ǻT= 7 °C. All parts have a surface 40.04 m2. 
 Considering R= 0.283 m2 °C/W (table 1and 3), we obtain the heat losses through the floor Q= 990.23 W  
 
3.2.6. Loss through internal walls with unheated space  
 
With an area of 13.16 m2, a transmission coefficient K = 1.266 W/m° C and ǻT= 6°C, the hall leads to a heat loss 
of 99.95 W. 
 
3.2.7. Heat loss by air renewal  
 
By ǻT=18 °C, we calculate as a function of habitable volume the Q R losses due to air renewal. The achieved 
results are summarized in table 7. 
 
                                      Table 7. Heat losses due to air renewal 
Rooms N V  (m3) Thermal Losses QR  (W) 
Room 1 1 30.09 184.13 
Room 2 1 30.09 184.13 
Livingroom 1 37.01 226.50 
Kitchen 2 24.82 303.85 
Bathroom 2 6.64    81.27 
Total   979.88 
  
     For the considered house, all the heat losses by surfacic and lineic transmission are summarized in table 8. The so 
achieved total losses amounted to 4581.40 W. 
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The distribution of losses per component of the house (figure 3), shows that almost half of losses occur at 
windows / doors and floor. The isulation lack leads to relatively high transmission losses. In contrast, in the roof, the 
thermal insulation by cork and other layers greatly reduces losses  
Table 8. Total heat losses of the house 
   
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 3. Distribution of losses on the various house components 
 
3.3. Energy needs  
3.3.1. Energy requirements for heating  
The energy required for heating during the winter (period extending from November to March) for a comfort 
temperature Tc = 20°C is determined using Qh = 0.024. (QT/ǻT). Ndj   with ǻT = 18 °C and Ndj= degree days. 
   Q wall  Q window  Q door Q roof   Q thb   Q floor Q nh    Q total 
     
     
Room  1 169.97 150.23 23.76 124.59 44.48 243.16 - 756,186 
Room 2 169.97 150.23 23.76 124.59 44.48 243.16 - 756,186 
Living 183.77 200.31 245.52 153.27 70.36 299.12 - 1152,341 
Kitchen 151.99 150.23 - 102.80 40.50 200.62 - 646,136 
Hall - - - - - - 99.95 99,95 
S.D.B 37.15 38.34 23.76 27.50 10.30 53.67 - 190,718 
  Qi 712.85 689.34 316.8 532.75 210.12 1039.73 99.95 3601.54 
Heat loss by air renewal      979,88 
Total thermal losses QT 4581.42 
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Records of monthly average temperatures for the winter of 2001 to 2010 are given by the local weather station in 
Tizi-Ouzou. They are summarized with degree days in table 9. 
                 Table 9.  Records average temperature and degree days for the heating season 
 
 
 
 
 
 
 
 
  
    Finally, the energy required for heating is Qh = 7362.36 KWh. This energy is largely sufficient to cover the 
thermal loss of the house and the various losses in the ducts of the heating system. 
 
3.3.2. Domestic hot water thermal needs  
     
The domestic hot water needs depend on: 
• Daily flow necessary to the needs of the household. 
• Number of occupants. 
               • Usage standard. 
  
     According to the Department of water management of Tizi-Ouzou, the need for hot water is estimated to            
25 l / day per occupant at 50 ° C. 
Energy requirements for the production of sanitary hot water are given by Becs = N.V. (Tec - Tef ). ȡ . Cp   
N number of occupants, V = volume of water used per person per day. 
Tec  Hot water temperature = 50 °C;  Tef  average temperature of cold water = 8 °C.  
 ȡ density of water = 1 kg / l;  Cp specific heat = 4.186 KJ/Kg °C 
So calculated, the thermal hot water needs are in the order of 109.9 KWh per month.  
The thermal hot water needs for the winter are  Becs = 549.3 KWh. This is equivalent to energy of 9.1 KWh/m2.year. 
In European countries where hot water is used in large quantities during the whole year, the rate is at least 25 
KWh/m2.year. 
    The total energy (space heating + hot water) to provide for seasonal winter rises to Etotal = 7911.66 KWh. In this 
energy supply, the share of the hot water does not exceed 7%. This low rate is due to the fact that the daily hot water 
available for each occupant volume is very low (25 L), water is not available abundantly in Algeria. 
4. Economic study 
     The economic study will allow us to compare the studied solar system with those using conventional energy. 
Investment in renewable energy is no exception to the rule of financial profitability. Even if solar heating is 
environmentally friendly, available and sustainable [6], the economic side is certainly important in households, 
hence all interest to evaluate the price of solar kWh and compare it to traditional energy available in the market, 
namely natural gas, electricity, fuel and butane gas. 
4.1. Price evaluation of solar KWh  
 
The calculation includes the investment in acquiring the solar collectors and the storage tank. Sizing of the solar 
installation using the Transol software leads to 9 plan solar collectors (total area = 18.9 m2) and one storage tank of 
1500 L.  
¾ Cost of al solar collectors = 80 000 DA  (1 Algerian Dinar  DA = 0.11 Euro) 
¾ Cost of storage tank 1500 L = 120 000 DA 
  Month  Nov   Dec Jan   Feb   Mar 
  Heating temperature Tc (°C) 20 20  20   20   20 
  Daily temperature Tmj(°C) 14.52   11.76 9.16   10.97   13.66 
  ¨T= Tc - Tmj 5.48   8.24 10.84   9.03   6.34 
  Degree days (Ndj) 164.4   255.44 336.04   252.84   196.54 
  Total degree days        1205,26 
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The total cost of the solar system would be 840 000 DA.  
 
     Thus, for a lifetime of the installation which is on average 25 years, and the energy requirements given above, the 
price of solar kWh would rise 4.25 DA. 
Currently, the state provides financial assistance of 45% on investment. Taking into account this grant, the price of 
solar kWh actually rises to only 2.34 DA which corresponds to around 0,023 Euro 
 
4.2. Cost of conventional energy 
 
     Conventional energies used in Algeria are electricity, natural gas, butane / propane gas and diesel. The prices of 
energy sold locally are fixed by the State. Those are heavily subsidized prices which are well below the real cost 
price of production. The cost per kWh of natural gas and electricity depends on the amount of energy consumed in a 
given period. In general, two price ranges are applied.  
The total energy consumption for heating and hot water is 1582.33 kWh / month (see paragraph 3.3.2), equivalent to 
1364.08 thermies / month   
 
4.2.1. Cost of KWh produced from natural gas  
       
Table10. illustrates the cost per unit of consumption and the amount to pay for the monthly consumption. Prices 
shown are those currently applied by the national company of electricity distribution and gas [7]. 
 
 Table 10. Unit cost of natural gas amount to pay monthly 
1st  lecel 2nd level Amount (DA) 
Consumption  (th) Unit price (DA) Consumption (th) Unit price (DA) 
375 0,168 989,08 0,324 383,461 
Value added tax (rate 7 %) 26,842 
Fixed charge /month 28,500 
Total to pay 438,803 
 
The price per kWh using natural gas for water heating and the house amounts to 0.277 DA  
 
4.2.2. Cost of  KWh produced from electricity 
 
Table11 shows the unit cost of electricity and the amount to pay for monthly consumption. 
               Table 11. Unit cost of electricity per consumption tranche and the amount to pay for monthly consumption 
 1st  level 2nd level Amount(DA)
Consumption (KWh)    Unit price (DA) Consumption  (th)     Unit  Price  (DA) 
41,6     1,779 1540,73      4,179           6512,717 
Value added tax (rate 7 %)               455,890 
Fixed charge / month             17,48 
Total to Pay          6986,08 
            
The price of a KWh using electricity for house heating and hot water is therefore 4.415 DA which corresponds around 
0.04 Euro. 
 
4.2.3. Cost of KWh produced from butane  
 
       Butane gas is sold on the market as a bottle containing 13 kg of butane; the price is 230 dinars per bottle. The 
energy content of 1 Kg of butane is in the range of 13.72 kWh. The energy needed for the house is 115.33 Kg 
corresponding to the contents of about 9 bottles. From these data, it follows that the price of butane kWh is 1.31 DA.  
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4.2.4. Cost of kWh produced from Diesel. 
 
The energy power of one liter of diesel is about 10.4 KWh. the price is currently set at 13.5 DA/l. The calculation 
gives for the KWh diesel  a price of  1.30 DA.  
 We summarize in Table 11 the different costs of a KWh depending on the energy used.      
             
                       Table 11.  KWh cost depending on the energy used 
Used energy Solar energy                     Fossil energy 
Natural 
gas  
Gas 
butane 
Diesel Electricity 
 Cost of KWh  (DA) 2.34 0.28 1.31 1.3 4.42 
Cost of KWh  (in 
Eurocents) 
2,3 0,28 1,3 1,3 4,4 
 
This comparison shows that the solar kWh subsidized costs only half the power. It remains more expensive than gas 
and diesel. For consumers, the natural gas is the most economical, but in the price shown below, we have not 
included the heavy investment borne by the state for compressor stations for transportation and its connection to the 
customer.. It is also for this reason that, despite all efforts by the state, natural gas is currently reaches only half of 
the population. 
We observe that, regardless of the environmental benefits, in Algeria, as in many other countries rich in natural gas, 
solar energy will be really competitive only when the state applies the real cost of fossil fuels. 
5. Environmental impact 
     Solar thermal systems allow the substitution of fossil fuels which are depletable and polluting energies. Solar 
energy, on the other hand, is not only cost free and inexhaustible, but it generates no pollution. Table 12 presents the 
CO2 unit emissions from the combustion of different fossil fuels [8-10]. In the case of the use of electrical energy, 
emissions are given according to its production pathway which are in Algeria essentially gas turbines in combined 
cycle and simple cycle. For this energy source, we record the primary energy which is equal to consumed electrical 
energy multiplied by the conversion factor 2.58. The hydraulic and diesel sectors do not play an important role. 
  
                             Table 12. CO2 unit emissions produced by different energy sources [7-9] 
 
Énergy  g de CO2 emitted / kWh  
Thermal solar  § 0 
Nnatural gas  205 
Propane-butane gas  231 
Diesel  300 
Coal  342 
Haevy Fuel  281 
 
Electricity  
(as primary energy)        
Gas turbine 547 
Gas  turbine combined cycle 427 
Diesel 891 
Hydraulic 4 
 
 
On the basis of these emission factors, we summarize in Table 13 the CO2 emissions caused by the monthly 
consumed energy by the studied house. 
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                        Table 13. Amount of CO2 emitted by the house 
 
Used energy  CO2 Production  (ton / month) 
Electricity  
(70% Gas turbine and 30% Gas  turbine combined cycle) 
2.09 
Natural gas 0.32 
Propane-butane 0.37 
Diesel 0.43 
 
These results clearly show the advantage of solar thermal energy compared to conventional fuels. CO2 avoided 
monthly by the solar rises, depending on the type of energy used, from 0.4 to 2 tons, equivalent to 2-10 tons per 
winter. To this, we should add methane emissions which are not negligible when using gas and diesel fuel. 
 
6. Conclusion  
 
Following the example of a individual house representative of the type of construction and a mode of housing in  
Algeria and located in a very cold area in winter, we studied the transmission heat losses by surface and thermal 
bridges based on thermal regulation in force in the country. Energy needs for heating and hot water amounted to 
7,912 MWh. In the absence of thermal insulation of walls and floor , the losses are high and the house does not meet 
the criteria for high efficiency. 
In the perspective of implementation of the national plan of development for renewable energy and energy 
efficiency, we investigated the feasibility of a solar installation for substitution of fossil energies and determined by 
an economic study, the cost of thermal solar kWh and the environmental impact of the installation in terms of CO2 
avoided. 
The economic analysis shows that in countries like Algeria, where the cost of conventional energy is heavily 
subsidized, solar thermal is not competitive with natural gas. It is only by applying the real cost of fossil energy that 
solar can take off and attract households. Moreover, the locally unconsumed natural gas can be exported to the 
world market. 
It is, however, not only the economic aspect to consider, but also the environmental aspect and the challenge of 
sustainable development. These will play a greater role in decision-making and the choice of cleaner energy. 
In our case, the environmental impact analysis shows that solar installation will prevent between 2 and 10 tons of 
CO2 per winter season which must be added the reduction of very high radiative methane. Multiplied across the 
country, the GHG reduction is considerable. 
Thus, the heating, which is very strong energy consumer, is a sector where the promotion of solar thermal is an 
undeniable contribution to climate protection.  
The results of this study can be extrapolated to the neighbouring countries of Algeria whose mode of habitat is 
similar but where energy is very expensive.  
Finally, choosing sustainable and reliable solution can reduce financial costs and especially the environmental 
impacts. 
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